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@ A recombinant Avipoxvirus having inserted exogenous 
DNA in a DNA region non-essential to proliferation of 
Avipoxvirus is provided. The recombinant Avipoxvirus is 
produced by inserting a promoter and exogenous DNA capable 
of expression under its control into a DNA region non-essential 
to proliferation of Avipoxvirus, utilizing DNA coding for a readily 
detectable enzyme, or, non-homologous DNA fragment. 
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Description 

RECOMBINANT AVIPOXVIRUS 

The present invention relates to a recombinant Avipoxvirus and more particularly, to a recombinant 
Avipoxvirus having inserted exogenous DNA into a DNA region non-essential to proliferation of Avipoxvirus 
5 and a method for production thereof. 

In recent years, a method of constructing recombinant vaccinia virus having inserted exogenous DNA into 
vaccinia virus has been developed and there has been come to propose a method utilizing recombinant 
vaccinia virus obtained using, as exogenous DNA, for example, DNA coding for infectious diseases as live 
vaccine (for example, USP 4,603,112, WO 84/02077, WO 85/04810 etc.). According to this method, it is 

10 possible to insert a variety of exogenous DNAs depending upon purpose and, the method is expected to be 
promizing as a new process for producing live vaccine. 

In vaccinia virus, however, its host range is limited. For this reason, it is almost impossible to apply 
techniques of recombinant vaccinia virus to production of, for example, avian live vaccine and for the purpose 
of producing avian live vaccine, a suggested promissing method is to insert exogenous DNA into Fowlpoxvirus 

15 in lieu of vaccinia virus (Avian Diseases, vol. 30, No. 1, 24-27). However, comparing vaccinia virus and 
Fowlpoxvirus, they belong to different genera; the former belonging to the genus Orthopoxvirus and the latter 
to the genus Avipoxvirus. Further, there is a difference in a length of genome by about 1 .5 times because the 
former has a genome length of about 180 Kb and the latter has a genome length of 260 to 270 Kb. Furthermore, 
with vaccinia virus, its genome DNA structure has been clarified to a remarkable extent, but only restriction 

20 enzyme cleavage pattern of genome DNA is known with Fowlpoxvirus (J. Gen. Virol., 38, 135-147 (1977)); 
turning to function of genome DNA, the presence of thymidine kinase gene is merely proved [J. Gen. Virol., 67, 
1591-1600 (1986)]. Accordingly, it is expected that application of the aforesaid method of constructing 
recombinant vaccinia virus to Avipoxvirus would be accompanied by many difficulties. In addition, it was quite 
unknown as to if the recombinant Avipoxvirus capable of proliferation in which exogenous DNA has been 

25 inserted into genome DNA might be successfully constructed. 

As a result of extensive investigations on such a technical level, aiming at construction of the recombinant 
Avipoxvirus capable of proliferation in which exogenous DNA has been inserted into genome DNA, the 
present inventors have found that the recombinant Avipoxvirus capable of proliferation can be obtained by 
identifying a DNA region non-essential to proliferation of Avipoxvirus and inserting exogenous DNA into the 

30 region. 

Thus, according to the present invention, the recombinant Avipoxvirus in which exogenous DNA has been 
inserted into the DNA region non-essential to proliferation of Avipoxvirus is provided as a first invention; as a 
second invention, a plasmid vector into which at least a part of the non-essential DNA region described above 
has been inserted is provided; and as a third invention, there is provided a method of producing the 
35 recombinant Avipoxvirus which comprises surveying and identifying the DNA region non-essential to 
proliferation of Avipoxvirus by technique of utilizing DNA encoding an enzyme, of which activity is readily 
detectable, or, DNA having no homology to either host or virus DNA and, inserting exogenous DNA utilizing 
such DNA as encodes an enzyme or has no homology to either host or virus DNA. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 (1) to (3) show an example of a DNA region non-essential to proliferation of Avipoxvirus referred 
to in the present invention. 

Figs. 2 and 3 indicate outline of the method for producing the recombinant which comprises surveying 
and identifying the DNA region non-essential to proliferation of Avipoxvirus and utilizing the region. 
45 Figs. 4(1) and (2) illustrate procedures for producing a first hybrid plasmid referred to in the present 

invention. 

Fig. 5 illustrates procedures for producing a second or fifth hybrid plasmid. 
Figs. 6(1) to (3) illustrate procedures for producing a third or sixth hybrid plasmid. 

50 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Any virus is usable as the virus used to insert exogenous DNA in the present invention as far as it is 
classified into the genus Avipoxvirus but preferred are those capable of growing in cells of fowls such as 
chicken, turkey, duck, etc. Specific examples include Fowlpoxvirus such as ATCC VR-251, ATCC VR-250, 
ATCC VR-229, ATCC VR-249, ATCC VR-228, Nishigawara strain, Shisui strain, etc.; and those akin to 

55 Fowlpoxvirus and used to avian live vaccine strain such as NP strain (chick embryo habituated dovepoxvirus 
Nakano strain), etc. 

Upon practice of the present invention, a first hybrid plasmid into which an optional DNA fragment of 
Avipoxvirus genome has been inserted and a second hybrid plasmid ligated with DNA encoding a readily 
detectable enzyme under control of a promoter (cf. Fig. 2) or a fifth hybrid plasmid into which a DNA fragment 
60 having no substantial homology to both of host cell genome DNA and Avipoxvirus genome DNA (hereafter 
sometimes referred to non-homologous DNA fragment) has been inserted (cf. Fig. 3) are firstly produced. 

A first hybrid plasmid can be produced by inserting an optional DNA fragment obtained by cleavage of the 
Avipoxvirus genome described above with an appropriate restriction enzyme into plasmid in a conventional 
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manner. The plasmid used herein may be any plasmid as long as it is capable of inserting the DNA fragment 
described above. Specific examples are pBR 322, pBR 325, pBR 327, pBR 328, pUC 7, pUC8, pUC 9, pUC 18, 
pUC 19, etc. 

A second hybrid plasmid shown in Fig. 2 can be produced by inserting DNA having a promoter function 
(sometimes simply referred to as a promoter) and DNA encoding an enzyme, of which activity is easily 5 
detectable, into a plasmid in a conventional manner. 

The DNA having a promoter function as used in the present invention may be any DNA having any base 
sequence as long as it can effectively function as a promoter in the transcription system possessed by 
Avipoxvirus, irrespective of synthesized or naturally occurring DNA. Needless to say, promoters intrinsic to 
Avipoxvirus such as a promoter of Avipoxvirus gene coding for thymidine kinase are usable and, even DNA 10 
derived from virus other than Avipoxvirus or DNA derived from eukaryote or prokaryote can be naturally used 
in the present invention, as far as it meets the requirement described above. Concrete examples of these 
promoters include promoters of vaccinia virus illustrated in Journal of Virology, September 1984, 662-669, 
specifically, a promoter of vaccinia virus gene coding for 7.5 K polypeptide, a promoter of vaccinia virus gene 
coding for 19 K polypeptide, a promoter of vaccinia virus gene coding for 42 K polypeptide, a promoter of 15 
vaccinia virus gene coding for thymidine kinase polypeptide, a promoter of vaccinia virus gene coding for 28 K 
polypeptide, etc. 

The DNA coding for an enzyme, of which activity is readily detectable, refers to DNA which produces 
enzyme protein in association with growth of recombinant virus when inserted with a suitable promoter into 
the genome region non-essential to proliferation of Avipoxvirus and of which activity is readily detectable, and 20 
refers to DNA coding for an enzyme which can be utilized for easy detection of recombinant virus depending 
upon detected enzyme activity and thus utilized for identification of the genome region non-essential to 
proliferation of Avipoxvirus. As specific examples of these enzymes, mention may be made of peroxidase, 
glucose oxidase, alkali phosphatase, glucose-6-phosphate dehydrogenase, fi-galactosidase, etc. In these 
enzymes, enzyme activity can be sensitively detected by the addition of specific substrate. " 25 

Further the fifth hybrid plasmid shown in Fig. 3 is produced by inserting a non-homologous DNA fragment 
having no substantial homology to any of host cell genome DNA and Avipoxvirus genome DNA into a plasmid 
in a conventional manner. 

The non-homologous DNA fragment as used in the present invention refers to a DNA fragment, when 
hybridized with plaque of Avipoxvirus using as a probe the DNA fragment labeled with a radio isotope by 30 
means of the nick translation method, etc., that becomes negative in the measurement results of 
autoradiography. 

Further the host cell as used in the present invention may be any cell as long as it is infectious with 
Avipoxvirus. Specific examples include chick-derived culture cells such as chick embryo fibroblasts (CEF), 
etc. As a matter of course, chick chorioallantoic membrane or the like is also included in the category of the 35 
host cell. 

These plasmids used to produce a second hybrid plasmid or a fifth hybrid plasmid are not particularly limited 
and those as in a first hybrid plasmid can be used. 

According to the present invention, next, a DNA fragment fully containing a promoter and DNA coding for 
the enzyme is produced from the second hybrid plasmid, or, the non-homologous DNA fragment described 40 
above from the fifth hybrid plasmid and, the DNA fragment is inserted into the virus DNA fragment of the first 
hybrid plasmid, whereby a third hybrid plasmid or sixth hybrid plasmid is obtained. 

In the present invention, the third or sixth hybrid plasmid is transfected or transferred Into host cell 
previously infected with Avipoxvirus thereby to confirm the presence or absence of the first or third 
recombinant Avipoxvirus formed. Transfection of plasmids into host cell may be performed in a conventional 46 
manner, for example, by the calcium phosphate method, the liposome method, the micro injection method, the 
electroporation method, etc. 

Selection as to whether or not the first recombinant Avipoxvirus is constructed by a series of operations 
described above may be made in a conventional manner. For example, in the case of using [5-galactosidase 
gene as DNA coding for enzyme, agarose medium containing chloropenolred-p-D-galactopyranoside (GPRQ) 50 
is laid on medium for forming plaque of the recombinant Avipoxvirus in layers, after plaque has been 
recognized on the medium, followed by incubation at 37° C, where plaque stained in red may be selected. 

Further in case that the sixth hybrid plasmid has been containing the non-homologous DNA fragment is 
transfected into Avipoxvirus-infected host ceil, after plaque is recognized in medium for forming plaque of the 
recombinant Avipoxvirus, plaque hybridization is performed using the DNA as a probe and the third 55 
recombinant Avipoxvirus may be selected. 

In case that the recombinant Avipoxvirus is thus obtained by detection of enzyme activity or detection of 
positive clone by plaque hybridization as a means of the selection, it is indicated that the DNA fragment derived 
from Avipoxvirus used for construction of the first hybrid plasmid is a DNA region non-essential to proliferation 
of Avipoxvirus. 60 

In the present invention, a fourth or seventh hybrid plasmid is produced utilizing, as an insertion site, a 
ligation fragment of the promoter and DNA coding for readily detectable enzyme under Its control in the 
second hybrid plasmid shown in Fig. 2 as an insertion site; alternatively, utilizing, as an insertion site, a ligation 
fragment of the non-homologous DNA fragment contained in the sixth hybrid plasmid shown in Fig. 3. This 
hybrid plasmid contains a promoter and exogenous DNA capable of expression under control of the promoter 65 
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but does not contain the DNA coding for readily detectable enzyme described above or the non-homologous 
DNA fragment; or, even though they are contained, is divided by insertion of the promoter and exogenous 
DNA capable of expression under its control. 
As methods for producing such fourth or seventh hybrid plasmid, mention may be made of, for example, the 
5 following methods. 

(1 ) Method which comprises inserting a promoter and exogenous DNA capable of expression under its control 
into hybrid plasmid into which whole or a part of the fragments in the non-essential DNA region described 
above has/have been incorporated: 

10 In this method, the aforesaid first hybrid plasmid can be utilized. As far as the non-essential DNA region is 
possessed wholly or partly, other hybrid plasmid independently produced may also be used. 

(2) Method utilizing the DNA portion coding for readily detectable enzyme in the third hybrid plasmid described 
above (cf. Figs. 1(1) to (3)) of non-homologous DNA portion in the fifth hybrid plasmid described above (cf. 

15 Fig. 3): 

In this method, there are, for example, a technique that exogenous DNA or a promoter and exogenous DNA 
is/are inserted, respectively, in place of the DNA portion or the promoter and the DNA portion, a technique that 
a promoter and exogenous DNA capable of expression under its control are separately inserted into the DNA 
portion or the promoter portion. 

20 

(3) Method utilizing an insertion fragment of the second hybrid plasmid shown in Fig. 2 or the fifth hybrid 
plasmid shown in Fig. 3: 

In this case, there is exemplified a technique that a promoter and exogenous DNA capable of expression 
under its control are separately inserted into the promoter portion, the DNA portion coding for readily 

25 detectable enzyme or the non-homologous DNA portion. 

In the present invention, then, the fourth or seventh hybrid plasmid is transfected into host cell infected with 
the third or sixth recombinant Avipoxvirus in a conventional manner, whereby the objective second or fourth 
recombinant Avipoxvirus is produced. This operation may be carried out under conditions similar to those in 
the case of producing the first or third recombinant Avipoxvirus. 

30 The activity of readily detectable enzyme has been lost in the second recombinant Avipoxvirus obtained. 
Therefore, the second recombinant Avipoxvirus can easily be isolated by selecting plaque showing no activity 
in the selection method of the first recombinant Avipoxvirus. The fourth recombinant Avipoxvirus obtained can 
easily be isolated by plaque hybridization using the aforesaid exogenous DNA or promoter or both of them as a 
probe(s), change in phenotype based on insertion of the exogenous DNA, immunoassay of protein formed by 

35 expression of the exogenous DNA, etc. 

The present invention includes, as a matter of course, direct production of the objective recombinant 
Avipoxvirus which comprises omitting the step of previously surveying and identifying the DNA region 
non-essential to proliferation of Avipoxvirus but directly producing a plasmid having inserted a promoter and 
exogenous DNA into an optional DNA fragment derived from Avipoxvirus through isolation of the first or third 

40 recombinant Avipoxvirus, performing recombinant operation homologous to Avipoxvirus and obtaining the 
recombinant Avipoxvirus from the plaque obtained by plaque hybridization using the exogenous DNA or 
promoter or both of them as a probe(s), change in phenotype based on insertion of the exogenous DNA or 
immunoassay of protein formed by expression of the exogenous DNA. 
Thus in the second or fourth recombinant Avipoxvirus obtained in accordance with the present invention, 

45 the exogenous DNA inserted is expressed and the objective polypeptide is produced in association with its 
growth. Accordingly, in the case of using Avipoxvirus provided in the present invention as attenuated vaccine 
and using DNA coding for antigens associated with prevention from infection or prevention from onset with 
pathogens of various infectious diseases (for example, Marek's disease, infectious laryngotracheobronchitis, 
infectious coryza, coccidioidosis, etc.) , effective live vaccine against single or a plurality of infectious diseases 

50 can be provided. 

Therefore, according to the present invention, the recombinant Avipoxvirus in which exogenous DNA has 
been inserted into the DNA region non-essential to proliferation of Avipoxvirus and a plasmid vector 
containing the DNA region non-essential to proliferation of Avipoxvirus which is useful for production of the 
recombinant Avipoxvirus can be obtained, respectively. Further, according to the present invention, an 
55 effective method for production of the recombinant Avipoxvirus utilizing the DNA region non-essential to 
proliferation of Avipoxvirus can be provided. 

The present invention will be described in more detail with reference to the examples below. 

Example 1 

60 

Preparation of Avipoxvirus genome DNA 

Avipoxvirus NP strain (chick embryo habituated dovepoxvirus Nakano strain, manufactured by Japan 
Pharmacy Co., Ltd.) was inoculated on chick embryo fibroblasts cultured in a 75 cm 2 culture flask in 1 
p.f.u./cell. After culturing in an incubator at 37° C in 5<Vo CO2 for 2 hours, 15 ml of Eagle's MEM medium 
65 supplemented with 10% Tryptose phosphate broth (Difco Co., Ltd.) and 0.03% L-glutamine was added 
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followed by incubation in an incubator for 4 days at 37° C in 5% CO2. Then the culture supernatant was 
centrifuged at 3000 r.p.m. for 10 minutes to recover the supernatant. The supernatant was centrifuged at 25000 
r.p.m. (about 98000 x g) for an hour and the precipitates were recovered. The precipitates were suspended in 
a DNase reaction buffer (50 mM Tris, pH 7.5, 1 mM MgCI 2 ) of a 1/10 volume of the culture supernatant and 
DNase I (Boehringer Mannheim Co., Ltd.) was added to the suspension in 9 ug/ml followed by reacting at 37° C 5 
for 30 minutes. After the reaction, 25 mM EDTA • 2Na was added and the mixture was allowed to stand at room 
temperature for 30 minutes. Thereafter, 500 u.g/ml of proteinase K (Boehringer Mannheim Co., Ltd.) and 
sodium dodecyl sulfate (SDS) were added to the mixture in a 1% concentration followed by reacting at 37° C 
overnight. After gently treating with phenol-chloroform, the reaction mixture was precipitated with ethanol to 
give 0.5 |xg of virus DNA. 70 

Example 2 

Production of a first hybrid plasmid containing Avlpoxvirus genome fragment (cf. Fig. 5) 

15 

(1) Production of plasmid (pNZ180) containing about 5.0 Kb EcoR l-Hind III fragment of DNA of Avipoxvirus NP 
strain: 

After digesting 2 jxg of pUC 18 (manufactured by Pharmacia Inc. with EcoRI and Hind III, extraction was 
performed with phenol-chloroform (1 : 1) to recover pUC 18 cleaved by precipitation with ethanol. 5'-End 
phosphate was removed by treating with alkali phosphatase. After extraction again with phenol-chloroform, 20 
DNA was recovered by precipitation with ethanol. The cleaved pUC 18, 0.2 u.g, and the digestion product of 1 
u.g of purified Avipoxvirus (NP strain) DNA with EcoR I and Hind III were ligated with each other. Competent E. 
coli JM 103 was transformed and cultured at 37° C for 15 hours in LB agar medium supplemented with 0.003% 
of 5-bromo-4-chIoro-3-indolyl-p-D-ga!actopyranoside, 0.03 mM of isopropyl-fJ-D-galactopyranoside and 40 
u.g/ml of ampicillin. White colony out of the transformed E. coli grown on agar medium wag cultured at 37° C for 25 
15 hours in LB liquid medium added with 40 |ig/ml of ampicillin and plasmid was extracted by the method of 
Birnboim and Doly [Nucleic Acid Research, 7, 1513 (1979)]. After digesting with EcoR I and Hind 111, a hybrid 
plasmid having a fragment of the same length as that of the original Avipoxvirus DNA EcoR l-Hind III fragment 
was detected by 0.6% agarose electrophoresis, which was named pNZ 180. A restriction enzyme map of the 
about 5.0 Kb EcoR l-Hind III fragment is shown in Fig. 1 (a). pNZ 180 is a first plasmid fn the present invention. 30 

(2) Production of piasmid (pNZ 160) containing about 4.0 Kb BamH I fragment of Avipoxvirus NP strain: 
A hybrid plasmid was obtained in a manner similar to (1) except that vector pUC 18 used in (1) was changed 

to pUC 9 and about 4.0 Kb BamH I fragment of NP strain DNA was used in lieu of EcoR l-Hind III fragment. This 
hybrid plasmid was named pNZ 160. A restriction enzyme map of about 4.0 Kb BamH f fragment is shown in 35 
Fig. 1(b) and pNZ 160 is a first plasmid in the present invention. 

(3) Production of plasmid (pNZ 163) containing about 3.3 Kb BamH I fragment of Avipoxvirus NP strain: 
A hybrid plasmid was obtained in a manner similar to (1) except that vector pUC 18 used in (1) was changed 

to pUC 9 and about 3.3 Kb BamH I fragment of NP strain DNA was used in lieu of EcoR l-Hind III fragment. This 40 
hybrid plasmid was named pNZ 163. A restriction enzyme map of about 3.3 Kb BamH I fragment is shown in 
Fig. 1(c) and pNZ 163 is a first plasmid in the present invention. 

(4) Production of plasmid (pNZ 124) containing about 5.2 Kb Hind III fragment of Avipoxvirus NP strain: 

A hybrid plasmid was obtained in a manner similar to (1) except that vector pUC 18 used In (1) was changed 45 
to pUC 9 and about 5.2 Kb Hind III fragment of NP strain DNA was used in lieu of EcoR l-Hind III fragment. This 
hybrid plasmid was named pNZ 124. A restriction enzyme map of about 52 Kb Hind III fragment is shown in 
Fig. 1(d) and pNZ 124 is a first plasmid in the present invention. 

(5) Production of plasmid (pNZ 131) containing about 7.3 Kb EcoR I fragment of Avipoxvirus NP strain: 50 
A hybrid plasmid was obtained in a manner similar to (1) except that about 7.3 Kb EcoR I fragment of NP 

strain was used. This hybrid plasmid was named pNZ 131. A restriction enzyme map of about 7.3 Kb EcoR I 
fragment is shown in Fig. 1(e). pNZ 131 is a first plasmid in the present invention. 

(6) Production of plasmid (pNZ 133) containing about 7.3 Kb EcoR I fragment of Avipoxvirus NP strain: 55 
A hybrid plasmid was obtained in a manner similar to (1) except that about 7.3 Kb EcoR I fragment of NP 

strain was used. This hybrid plasmid was named pNZ 133. A restriction enzyme map of about 7.3 Kb EcoR I 
fragment is shown in Fig. 1(f). pNZ 133 is a first plasmid in the present invention. 

(7) Production of plasmid (pNZ 134) containing about 6.5 Kb EcoR I fragment of Avipoxvirus NP strain: 60 
A hybrid plasmid was obtained in a manner similar to (1) except that about 6.5 Kb EcoR I fragment of NP 

strain was used. This hybrid plasmid was named pNZ 134. A restriction enzyme map of about 6.5 Kb EcoR I 
fragment is shown in Fig. 1(g). pNZ 134 is a first plasmid in the present invention. 
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(8) Production of plasmid (pNZ 135) containing about 8.5 Kb EcoR I fragment of Avipoxvirus NP strain: 
A hybrid plasmid was obtained in a manner similar to (1) except that about 8.5 Kb EcoR I fragment of NP 

strain was used. This hybrid plasmid was named pNZ 135. A restriction enzyme map of about 8.5 Kb EcoR I 
fragment is shown in Fig. 1(h). pNZ 135 is a first plasmid in the present invention. 

5 

(9) Production of plasmid (pNZ 137) containing about 6.6 Kb EcoR I fragment of Avipoxvirus NP strain: 
A hybrid plasmid was obtained in a manner similar to (1) except that about 6.6 Kb EcoR I fragment of NP 

strain was used. This hybrid plasmid was named pNZ 137. A restriction enzyme map of about 6.6 Kb EcoR I 
fragment is shown in Fig. 1(i). pNZ 137 is a first plasmid in the present invention. 

10 

(10) Production of plasmid (pNZ 142) containing about 4.1 Kb EcoR I fragment of Avipoxvirus NP strain: 

A hybrid plasmid was obtained in a manner similar to (1) except that about 7.3 Kb EcoR I fragment of NP 
strain was used. This hybrid plasmid was named pNZ 142. A restriction enzyme map of about 4.1 Kb EcoR I 
fragment is shown in Fig. 1(j). pNZ 142 is a first plasmid in the present invention. 

15 

(11) Production of plasmid (pNZ 144) containing about 5.5 Kb EcoR I fragment of Avipoxvirus NP strain: 

A hybrid plasmid was obtained in a manner similar to (1) except that about 5.5 Kb EcoR I fragment of NP 
strain was used. This hybrid plasmid was named pNZ 144. A restriction enzyme map of about 5.5 Kb EcoR I 
fragment is shown in Fig. 1(k). pNZ 144 is a first plasmid in the present invention. 

20 

(12) Production of plasmid (pNZ 145) containing about 4.9 Kb EcoR I fragment of Avipoxvirus NP strain: 

A hybrid plasmid was obtained in a manner similar to (1) except that about 4.9 Kb EcoR I fragment of NP 
strain was used. This hybrid plasmid was named pNZ 145. A restriction enzyme map of about 4.9 Kb EcoR I 
fragment is shown in Fig. 1[£). pNZ 145 is a first plasmid in the present invention. 

25 

(13) Production of plasmid (pNZ 147) containing about 5.8 Kb EcoR I fragment of Avipoxvirus NP strain: 

A hybrid plasmid was obtained in a manner similar to (1) except that about 5.8 Kb EcoR I fragment of NP 
strain was used. This hybrid plasmid was named pNZ 147. A restriction enzyme map of about 5.8 Kb EcoR I 
fragment is shown in Fig. 1(m). pNZ 147 is a first plasmid in the present invention. 

30 

Example 3 

Production of the second hybrid plasmid (pNZ 76) ligated with a promoter and DNA coding for readily 
detectable enzyme under its control (cf. Fig. 5) 

35 

(1) Production of plasmid (pUWP-1 ) containing a promoter of gene coding for vaccinia virus 7.5Kdalton 
peptide: 

A plasmid having inserted about 0.26 kbp of Sal l-Rsa I fragment containing a promoter of DNA coding for 
7.5 K dalton peptide of vaccinia virus WR strain [Cell, 125, 805-81 3 (1 981 )] into Sal l-Sma I portion of pUC 9 was 
40 named pUWP-1. 

(2) Production of plasmid (pNZ 76) having ligated fi-galactosidase gene with 7.5 K promoter (cf. Fig. 5) 
After digesting 10 ng of PMA 001 [Shirakawa et al., Gene, 28, 127 (1984)] with BamH I, p-galactosidase gene 

(about 3.3 kbp) was recovered in a manner similar to Example 1 (1). On the other hand, after digesting 0.3 |ig of 
45 pUC 19 with BamH I, extraction was performed with phenol-chloroform and recovery was made through 

precipitation with ethanol. By ligation with the p-gaiactosidase gene prepared as described above, hybrid 

plasmid pNZ 66 was produced. 
On the other hand, 40 u.g of pUWP-1 was digested with Hpa II and EcoR I and, a fragment of about 0.26 kbp 

containing 7.5 K promoter was separated by 1 .5<>/o low melting point agarose electrophoresis (70 volts, 6 
50 hours) and DNA was recovered by operation similar to Example 2 (1). The cohesive end of this DNA fragment 

was made the blunt end by DNA polymerase. After 0.3 ng of pNZ 66 was digested with Hinc II, extraction was 

performed with phenol-chloroform and recovery was made through precipitation with ethanol. By ligation with 

about 0.26 kbp of the 7.5 K promoter gene described above, a hybrid plasmid was obtained and named pNZ 76. 

pNZ 76 corresponds to a second hybrid plasmid in the present invention. 
55 The 7.5 K promoter and (3-galactosidase gene do not show homology to host cell genome DNA and 

Avipoxvirus DNA and is thus usable also as a fifth plasmid, as a matter of course. 

Example 4 

60 Production of third hybrid plasmid from the first hybrid plasmid and the second hybrid plasmid (cf. Fig. 6) 

(1) Production of hybrid plasmid (pNZ 1003) having inserted a ligation fragment of vaccinia virus 7.5 K 
promoter and p-gaiactosidase DNA into EcoR V site of pNZ 180 
After digesting 10 p.g of pNZ 76 with Hind III and Sma I, a fragment of about 3.6 kbp was separated by 0.7<Vo 
65 low melting point agarose electrophoresis (40 volts, 20 hours). After the DNA fragment was confirmed by 
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staining with ethidium bromide, gel was excised, treated with phenol and precipitated with ethanol to recover 
the DNA fragment. 

On the other hand, 1 u.g of pNZ 180 was digested with EcoR V, extracted with phenol-chloroform and 
precipitated with ethanol to recover the same. The cleaved pNZ 180 DNA, 0.3 ng, was mixed with about 0.4 m 
of the aforesaid about 3.6 kbp fragment (ligation fragment of 7.5 K promoter DNA and p-galactosidase gene) 5 
and the cohesive end was made the blunt end by DNA polymerase. After extracting with phenol-chloroform, 
the DNA was recovered. The recovered DNA was ligated with ligase. Competent E. coli JM 103 strain was 
transformed and allowed to grow at 37° C for 15 hours in LB agar medium supplemented with 40 iig/ml of 
ampicillin. A plasmid was recovered from E. coli grown in a manner similar to Example 2 (1) and digested with 
BamH I. A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected by 0.5% 10 
agarose electrophoresis, which was named pNZ 1003. 

(2) Production of hybrid plasmid (pNZ 1004) having inserted a ligation fragment of vaccinia virus 7.5 K 
promoter and P-galactosidase DNA into Xba I site of pNZ 160 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 15 
similar to (1 ) except that pNZ 1 80 and restriction enzyme EcoR V used in ( 1 ) were changed to pNZ 160 and Xba 
I, respectively. This hybrid plasmid was named pNZ 1004. 

(3) Production of hybrid plasmid (pNZ 1005) having inserted a ligation fragment of vaccinia virus 7.5 K 
promoter and p-galactosidase DNA into Kpn I site of pNZ 163 20 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected In a manner 
similar to (1) except that pNZ 180 and restriction enzyme EcoR V used in (1) were changed to pNZ 163 and Kpn 
I, respectively. This hybrid plasmid was named pNZ 1005. 

(4) Production of hybrid plasmid (pNZ 1025) having inserted a ligation fragment of vaccinia virus 7.5 K 25 
promoter and p-galactosidase DNA into Cla I site of pNZ 124 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 
similar to (1) except that pNZ 180 and restriction enzyme EcoR V used in (1 ) were changed to pNZ 124 and Cla 
I, respectively. This hybrid plasmid was named pNZ 1025. 

30 

(5) Production of hybrid plasmid (pNZ 1027) having inserted a ligation fragment of vaccinia virus 7.5 K 
promoter and p-galactosidase DNA into EcoR V site of pNZ 131 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 
similar to (1) except that pNZ 180 used in (1) was changed to pNZ 131 and partially digested with restriction 
enzyme EcoR V. This hybrid plasmid was named pNZ 1027. 35 

(6) Production of hybrid plasmids (pNZ 1028, pNZ 1029) having Inserted a ligation fragment of vaccinia virus 7.5 
K promoter and p-galactosidase DNA into EcoR V site of pNZ 133 

Hybrid plasmids containing a p-galactosidase gene fragment (about 3.3 kbp) were selected in a manner 
similar to (1) except that pNZ 180 used in (1) was changed to pNZ 133 and partially digested with restriction 40 
enzyme EcoR V. These hybrid plasmids were named pNZ 1028 and pNZ 1029. pNZ 1028 and pNZ 1029 were 
determined by analysis of cleavage pattern with restriction enzymes BamH I and EcoR V. 

(7) Production of hybrid plasmids (pNZ 1045, pNZ 1046, pNZ 1047) having inserted a ligation fragment of 

vaccinia virus 7.5 K promoter and p-galactosidase DNA into EcoR V site of pNZ 134 45 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 
similar to (1) except that pNZ 180 used in (1) was changed to PNZ 134 and partially digested with restriction 
enzyme EcoR V. These hybrid plasmids were named pNZ 1045, pNZ 1046 and pNZ 1047. pNZ 1045, pNZ 1046 
and pNZ 1047 were determined by analysis of cleavage pattern with restriction enzymes BamH I and EcoR V, in 
a manner similar to (6). ^0 

(8) Production of hybrid plasmid (pNZ 1042) having inserted a ligation fragment of vapcinia virus 7.5 K 
promoter and p-galactosidase DNA into Hpa I site of pNZ 135 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 
similar to (1) except that pNZ 180 and restriction enzyme EcoR V used in (1) were changed to pNZ 135 and Hpa 55 
I, respectively. This hybrid plasmid was named pNZ 1042. 

(9) Production of hybrid plasmid (pNZ 1030) having inserted a ligation fragment of vaccinia virus 7.5 K 
promoter and p-galactosidase DNA into EcoR V site of pNZ 137 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 60 
similar to ( 1 ) except that pNZ 1 80 used in (1 ) was changed to pNZ 1 37. This hybrid plasmid was named pNZ 
1030. 



65 



7 



0 284 416 



(10) Production of hybrid plasmid (pNZ 1035) having inserted a ligation fragment of vaccinia virus 7.5 K 
promoter and p-galactosidase DNA into Cla I site of pNZ 142 

A hybrid plasmid containing a p-galactosidase gene fragment {about 3.3 kbp) was selected in a manner 
similar to (1) except that pNZ 180 and restriction enzyme EcoR V used in (1) were changed to pNZ 142 and Cla 
5 I, respectively. This hybrid plasmid was named pNZ 1035. 

(1 1 ) Production of hybrid plasmids (pNZ 1040, pNZ 1 041 ) having inserted a ligation fragment of vaccinia virus 
7.5 K promoter and p-galactosidase DNA into EcoR V site of pNZ 144 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 
10 similar to (1) except that pNZ 180 used in (1) were changed to pNZ 144 and partially digested with restriction 
enzyme EcoR V. These hybrid plasmids were named pNZ 1040 and pNZ 1041, respectively. pNZ 1040 and pNZ 
1041 were determined by analysis of cleavage pattern with restriction enzymes BamH I and EcoR V. 

(12) Production of hybrid plasmids (pNZ 1031 , pNZ 1032) having inserted a ligation fragment of vaccinia virus 
15 7.5 K promoter and p-galactosidase DNA into EcoR V site of pNZ 145 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 
similar to (1) except that pNZ 180 used in (1) was changed to pNZ 145 and partially digested with restriction 
enzyme EcoR V. These hybrid plasmids were named pNZ 1031 and pNZ 1032. pNZ 1031 and pNZ 1032 were 
determined by analysis of cleavage pattern with restriction enzymes BamH I and EcoR V. 

20 

(13) Production of hybrid plasmid (pNZ 1033) having inserted a ligation fragment of vaccinia virus 7.5 K 
promoter and p-galactosidase DNA into EcoR V site of pNZ 147 

A hybrid plasmid containing a p-galactosidase gene fragment (about 3.3 kbp) was selected in a manner 
similar to (1) except that pNZ 180 used in (1) was changed to pNZ 145 and partially digested with restriction 
25 enzyme EcoR V. This hybrid plasmid was named pNZ 1033. 

The 7.5 K promoter and p-galactosidase gene contained in these plasmids do not show homology to host 
cell genome DNA and Avipoxvirus DNA and can thus be utilized as a sixth hybrid plasmid, as a matter of 
course. 

30 Example 5 

Production of the recombinant Avipoxvirus 

(1) Production of the recombinant Avipoxvirus by the DNA-calcium phosphate coprecipitation method 
35 Avipoxvirus NP strain was inoculated on chick embryo fibroblasts cultured in a 25 cm 2 culture flask in 0.05 

p.f.u./cell. The hybrid plasmid, 50 \ig, obtained in Example 4 was dissolved in 2.2 ml of sterilized water and, 2.5 
ml of a mixture of 1% HEPES (GIBCO Co., Ltd.) and 0.6% sodium chloride and 50 u1 of buffer solution obtained 
by mixing 70 mM disodium hydrogenphosphate 12 hydrate and 70 mM disodium hydrogenphosphate 2 hydrate 
in an equimolar amount were mixed with the solution to prepare an aqueous solution. The aqueous solution 

40 was transferred to a 15 ml tube (manufactured by Falcon Co., Ltd.) and 300 u.l of 2 M calcium chloride aqueous 
solution was dropwlse added thereto while agitating with a stirrer to form DNA-calcium phosphate 
coprecipitates. Fourty five minutes after the inoculation of virus, 0.5 ml of the coprecipitates were dropwise 
added to the infected chick embryo fibroblasts. After settling in an incubator at 37° C in 5% CO2 for 30 
minutes, 4.5 ml of Eagle's MEM medium supplemented with 5% bovine fetal serum, 0.03% L-glutamine and 

45 10% Tryptose phosphate broth was added thereto. Three hours after, the culture supernatant was exchanged 
and cultured in an incubator for 3 days at 37° C in 5% CO2. The system including culture cells was frozen and 
thawed 3 times to give a solution of virus containing recombinant. 

(2) Production of the recombinant Avipoxvirus by electroporation 

50 Avipoxvirus NP strain was inoculated on chick embryo fibroblasts cultured in a 75 cm 2 culture flask in 0.05 
p.f.u./cell. After culturing in an incubator at 37°C in 50/0 CO2 for 2 hours, 15 ml of Eagle's MEM medium 
supplemented with 5% bovine fetal serum, 0.03% L-glutamine and 10% Tryptose phosphate broth was added 
followed by incubation in an incubator at 37° C in 50/0 CO2 for further 2 hours. Infected cells were scrapped off 
with 0.05% trypsin (trypsin 1 : 250, Difco Co., Ltd.), washed twice with 10 ml of Saline G (0.8«/o NaCI, 0.04% 

55 KCI, 0.03950/0 Na 2 HP0 4 -12H 2 0, 0.02% KH2PO4, 0.01% MgCI 2 -6H 2 0, 0.01% CaCI 2 , 0.1 0/0 glucose, pH 7.1) 
and then 800 \i\ of Saline G (same as above). The hybrid plasmid, 10 jig, obtained in Example 4 was dissolved in 
100 jx! of Saline G and the solution was added to the infected cell suspension. After the mixture was thoroughly 
suspended, the suspension was transferred to a cuvette (Biorad Co., Ltd., for use in genepulser). Using the 
cell electroporation system (Biorad Co., Ltd., for use in genepulser), DNA was introduced under reaction 

SO conditions of 6 kv/cm and 0.1 msec (3 p.FD) or 3 kv/cm and 0.4 msec (25 U.FD). After the reaction the system 
was settled for 10 minutes and then charged in a 25 cm 2 culture flask in which 5 ml of phenolred-free Eagle's 
MEM medium containing 5% bovine fetal serum, 10% Tryptose phosphate broth and O.030/0 L-glutamine 
(Nissui (D) had been previously charged, followed by incubation in an incubator for 3 days in 5% C0 2 . The 
system including culture cells was frozen and thawed 3 times to give a solution of virus containing 
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Example 6 

Selection of the recombinant by chlorophenolred-fi-galactopyranoside 

The virus solution obtained in Example 5 was inoculated on chick embryo fibroblasts cultured in a 10 cm 
Petri dish. Two hours after, 10 ml of phenolred-free Eagle's MEM medium supplemented with 0.8% Bacto agar 
(manufactured by Difco Co., Ltd.), 5% bovine fetal serum, 0.03% L-glutamine,and 10% Tryptose phosphate 
broth was put thereon in layers followed by incubation in an incubator at 37° C in 5% CO2 for 3 days. On the 
medium was put 10 ml of phenolred-free Eagle's MEM medium supplemented with 0.8% Bacto agar, 0.03% 
L-glutamine, 10% Tryptose phosphate broth and 0.03% chlorophenolred-fl-D-galactopyranoside (Boehringer 
Mannheim) in layers followed by incubation in an incubator at 37° C in 5% COz for 6 hours. Recombinant virus 
expresses P-galactosidase and changes chlorophenolred-fi-galactopyranoside to red so that both agar and 
cells around the recombinant plaque became red and could be easily distinguished over non-recombinant. The 
recombinant formed from this red plaque was isolated with a sterilized Pasteur pippette. Each recombinant 
was named as shown in Table 1. 



Parent Strain 



Table 1 

Third Hybrid Plasmid Recombinant 



Avipoxvirus NP strain 



pNZ 


1003 


fNZ 


1003 


pNZ 


1004 


fNZ 


1004 


pNZ 


1005 


fNZ 


1005 


pNZ 


1025 


fNZ 


1025 


pNZ 


1027 


fNZ 


1027 


pNZ 


1028 


fNZ 


1028 


pNZ 


1029 


fNZ 


1029 


pNZ 


1045 


fNZ 


1045 


pNZ 


1046 


. fNZ 


1046 


pNZ 


1047 


fNZ 


1047 


pNZ 


1042 


fNZ 


1042 


pNZ 


1030 


fNZ 


1030 


pNZ 


1035 


fNZ 


1035 


pNZ 


1040 


fNZ 


1040 


pNZ 


1050 


fNZ 


1050 


pNZ 


1031 


fNZ 


1031 


pNZ 


1032 


fNZ 


1032 


pNZ 


1033 


fNZ 


1033 
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Example 7 

Selection of the recombinant by plaque hybridization 
The virus solution obtained in Example 5 was inoculated on chick embryo fibroblasts cultured in a 10 cm 

5 Petri dish. Two hours after, 10 ml of Eagle's MEM medium supplemented with 0.8% Bacto agar, 5% bovine 
fetal serum, 0.03°/o L-glutamine and 10% Tryptose phosphate broth was put thereon in layers followed by 
incubation in an incubator at 37° C in 50/o CO2 for 3 days. On the medium was further put 1 0 ml of Eagle's MEM 
medium having the same composition as described above in layers followed by incubation in an incubator at 
37° C in 5% CO2 for 3 days. Further, 10 ml of Eagle's MEM medium supplemented with 0.8% Bacto agar, 

10 0.03% L-glutamine and 10% Tryptose phosphate broth and 0.01% of neutral red was put thereon in layers 
followed by incubation in an incubator at 37° C in 5% CO2 for 12 hours to stain infected cells. 

The agar medium was withdrawn from the Petri dish and a sterilized nylon membrane was pushed onto the 
surface of cells kept at 4° C and remained on the bottom of the Petri dish to transfer the viruses thereon. After 
repeating a treatment with 0.5 N NaOH for 10 minutes and 1 M Tris-hydrochloride buffer for 5 minutes 3 times, 

15 the membrane was treated with 0.5 M Tris-hydrochloride buffer for 5 minutes. The membrane was saturated 
with 2-fold SSC (1-fold SSC, 0.15 M NaCI, 0.015 M C 3 H 4 (OH)(COONa) 3 ) and baked at 80°C for 2 hours. The 
membrane was treated with 4-fold SET (0.6 M NaCI, 0.08 M Tris HCI, 4 mM EDTA, pH 7.8)-1 0-fold 
Denhardt-0.1o/o SDS at 68°C for 2 hours. 4-Fold SET-10-fold Denhardt-0.1% SDS-modified salmon sperm 
DNA and DNA coding for p-galactosidase labeled with 32 P by nick translation were hybridized at 68° C for 14 

20 hours. After washing, the nylon membrane was put on an X ray film, which was subjected to autoradiography to 
confirm the presence of a spot. An X ray film was laid over agar kept at 4°C and a plague coincided with the 
spot was identified to be a recombinant containing (3-galactosidase gene. The recombinant was isolated with a 
sterilized Pasteur pippette. The plague of this recombinant appeared one per 1 0 Petri dishes of 1 0 cm in which 
approximately 500 plaques appeared (about 0.02%). 

25 

Example 8 

Purification of the recombinant Avipoxvirus 
The red plaque isolated in Example 6 was suspended in 1 ml of Eagle's MEM and 200 jil of the suspension 

30 was inoculated on chick embryo fibroblasts cultured in a 10 cm 2 Petri dish. Two hours after, 10 ml of 
phenolred-free Eagle's MEM medium supplemented with 0.8% Bacto agar, 5% bovine fetal serum, 0.03% 
L-glutamine and 10% Tryptose phosphate broth was laid thereon in layers followed by incubation in an 
incubator at 37° C in 5% CO2 for 3 days. On the medium was laid 10 ml of phenolred-free Eagle's MEM medium 
having the same composition described above in layers followed by incubation in an incubator at 37° C in 5% 

35 C0 2 for 3 days. On the medium was laid 10 ml of phenoired-free Eagle's MEM medium supplemented with 
0.8% Bacto agar, 0.03<>/o L-glutamine, 100/o Tryptose phosphate broth and 0.03% chlorophenol-red-|3-D-galac- 
topyranoside followed by incubation in an incubator at 37° C in 5% C0 2 for 6 hours. The recombinant plaque 
was colored to red as in Example 6. 
The foregoing operations were repeated in a similar manner to again purify the recombinant. 

40 As the result, 3 recombinant plaques (red plaque) (0.04%) appeared with pNZ 1003, per 10 Petri dishes of 10 
cm in which approximately 700 plaques appeared in Example 6 ; in the first plaque purification, 240 (26%) of the 
recombinant plaques appeared in 3 Petri dishes in which about 300 plaques appeared. In the second plaque 
purification, almost all plaques were recombinants. In other 18 recombinant viruses, similar results were 
obtained. 

45 

Example 9 

Analysis of the genome DNA of the recombinant Avipoxviruses 

Each Avipoxvirus NP strain obtained in Example 8 was inoculated on chick embryo fibroblasts cultured in a 

50 10 cm Petri dish in 1 p.f.u./cell. Virus DNA was isolated in a manner similar to Example 1. After 2 u.g of each 
recombinant virus DNA was digested with BamH I or Hind III, fragments were separated by O.50/0 agarose 
electrophoresis (25V, 20 hours). After the DNA was transferred to a nylon membrane by the Southern's 
method [Journal of Molecular Biology, 98, 503 (1975)], the DNA was immobilized onto the nylon membrane at 
80° C under reduced pressure. After treating with 4-fold SET-[0.6 M NaCI, 0.08 M Tris HCI (pH 7.8), 4 mM 

55 EDTA]-1 0-fold Denhardt-0.|o/o SDS at 68°C for 2 hours, p-galactosidase gene DNA labeled with 32 P by nick 
translation was hybridized with 4-foid SET-10-fold Denhardt-0.1% SDS-modified salmon sperm DNA at 68°C 
for 14 hours. After washing and drying, a nylon membrane was put on an X ray film to perform autoradiography, 
whereby the presence of bands was confirmed. It was confirmed that these recombinant viruses contained the 
P-galactosidase genes in definite locations. 

60 From these results, the DNA fragment ligated with promoter DNA and p-galactosidase gene is effective for 
selection of recombinant Avipoxvirus utilizing enzyme activity based on the readily detectable enzyme and also 
effective for selection of recombinant Avipoxvirus utilizing DNA having no substantial homology to host cell 
genome DNA and Avipoxvirus genome DNA. 
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1. A recombinant Avipoxvirus having inserted exogenous DNA in a DNA region non-essential to 
proliferation of Avipoxvirus. 

2. A recombinant Avipoxvirus as claimed in claim wherein a promoter is inserted at the 5' side upstream 
of the exogenous DNA together with the exogenous DNA. 

3. A recombinant Avipoxvirus as claimed in claim 1 or claim 2 wherein said DNA region non-essential to 
the proliferation is an Avipoxvirus-derived DNA region having a restriction enzyme map shown in Fig. 1 
(a), (b), (c), (d), (e), (f), (g), (h), (i), (j), (k). (£) or (m). or a part thereof. 

4. A plasmid vector having inserted a DNA region non-essential to proliferation of Avipoxvirus therein. 

5. A plasmid vector as claimed in claim 4 wherein said plasmid vector is pNZ 180, pNZ 160, pNZ 163, 
pNZ 124, pNZ 131, pNZ 133, pNZ 134, pNZ 135, pNZ 137, pNZ 142, pNZ 144, pNZ 145, pNZ 147, pNZ 1003, 
pNZ 1004, pNZ 1005, pNZ 1025, pNZ 1027, pNZ 1028, pNZ 1029, pNZ 1045, pNZ 1046, pNZ 1047, pNZ 
1042, pNZ 1030, pNZ 1035, pNZ 1040, pNZ 1050, pNZ 1052, pNZ 1031, pNZ 1032, pNZ 1033 or pNZ 1034. 

6. In a method for production of a recombinant Avipoxvirus which comprises inserting a promoter and 
exogenous DNA capable of expression under its control into a DNA region non-essential to proliferation 
of Avipoxvirus, the method for production of a recombinant Avipoxvirus characterized by performing in 
accordance with the following procedures: 

(1) producing a first hybrid plasmid into which an optional DNA fragment in Avipoxvirus genome 
has been inserted and a second hybrid plasmid ligated with a promoter and DNA coding for a readily 
detectable enzyme; 

(2) producing a third hybrid plasmid having inserted a fragment containing a promoter and DNA 
coding for a readily detectable enzyme in the second hybrid plasmid into the Avipoxvirus-derived 
DNA fragment of the first hybrid plasmid; 

(3) transfecting the third hybrid plasmid into Avipoxvirus-infected cells to cause homologous 
recombination and then isolating the first recombinant Avipoxvirus having enzyme activity based on 
the readily detectable enzyme by plaque assay; 

(4) producing a fourth hybrid plasmid having inserted a promoter and exogenous DNA capable of 
expression under its control utilizing as an insertion site the Avipoxvirus genome-derived DNA 
fragment or the ligation fragment of a promoter and DNA coding for a readily detectable enzyme; 
and, 

(5) transfecting fourth hybrid plasmid into first recombinant Avipoxvirus-infected cells to cause 
homologous recombination and then isolating second recombinant Avipoxvirus which has lost 
enzyme activity by plaque assay as in (3) . 

7. In a method for production of a recombinant Avipoxvirus which comprises inserting a promoter and 
exogenous DNA capable of expression under its control into a DNA region non-essential to proliferation 
of Avipoxvirus, the method for production of a recombinant Avipoxvirus characterized by performing in 
accordance with the following procedures: 

(1) producing a first hybrid plasmid into which an optional DNA fragment in Avipoxvirus genome 
has been inserted and a fifth hybrid plasmid into which a DNA fragment (non-homologous DNA 
fragment) having no substantial homology to any of host cell genome DNA and Avipoxvirus genome 
DNA; 

(2) producing a sixth hybrid plasmid having inserted the non-homologous DNA fragment in the fifth 
hybrid plasmid into the Avipoxvirus-derived DNA fragment of the first hybrid plasmid; 

(3) transfecting the sixth hybrid plasmid into Avipoxvirus-infected cells to cause homologous 
recombination and then isolating the third recombinant Avipoxvirus capable of growth by plaque 
hybridization using the non-homologous DNA fragment as a probe; 

(4) producing a seventh hybrid plasmid having inserted a promoter and exogenous DNA capable 
of expression under its control utilizing as an insertion site the Avipoxvirus genome-derived DNA 
fragment or the non-homologous DNA fragment; and, 

(5) transfecting the seventh hybrid plasmid into the third recombinant Avipoxvirus-infected cells to 
cause homologous recombination and then isolating the fourth recombinant Avipoxvirus capable of 
growth by plaque hybridization using the exogenous DNA or promoter or both of them as a probe, 
change of phenotype based on insertion of the exogenous DNA or immunoassay of protein 
produced by expression of the exogenous DNA. 

8. A method for production of a recombinant Avipoxvirus which comprises producing a hybrid plasmid 
containing exogenous DNA, or a promoter and exogenous DNA capable of expression under its control 
into an optional DNA fragment in Avipoxvirus genome; transfecting the hybrid plasmid into 
Avipoxvirus-infected cells to cause homologous recombination; and then isolating the recombinant 
Avipoxvirus capable of growth by plaque hybridization using the exogenous DNA or promoter or both of 
them as a probe, change of phenotype based on insertion of the exogenous DNA or Immunoassay of 
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protein produced by expression of the exogenous DNA. 



10 



15 



25 



30 



35 



40 



45 



50 



55 



60 



12 



028441 6 

FIG. Id ) 



E V| He 



0 I 2 3 4 5(kb) 



b) ^V c h 

BX V H VV Hhfe 



3 4(kb) 



(C) C > B 

B| KX VX V Hi 



I 2 3 3.3(kb) 



E'-EcoRI P:PstI G'-BglE 

X'-Xbal B-BamHI 

/ ,v V.EcoRV H-Hindffl 

He G He Xb Hc.HincE C'Clal 

HGIHcIC P G XblHp |H K-Kpnl Xb-Xbal 

I 1 1 1 ll ll 111 l l Hp:HpaI 



0 I 2 3 4 5 5.2 
(kb) 



0284416 



FIG. I (2) 



(e) Hp Hp 

H H K H V V Hp 



K E 



0 I 2 3 4 5 6 7 7.3 (kb) 



(f ) V 
Ek Hp V 



V HKH 



Hp E 



2 3 4 5 6 7 73 (kb) 



(g) 



K V 



Eh C 


V 


H P 


V 


C 


V 


E 

I 









0 I 2 3 4 5 6 6.5 (kb) 



(h) 



E 


Hp V C 
I I I 


B 


B H H B V V 


V 









Ol 234 5678 8.5 (kb) 



E 


Hp V 


C C 


H E 








0 


I 2 


3 4 5 


6 6.6 (kb) 



0284V 



FIG. 1(3) 



(j) 



EH C 



G Hp E 
G Hp Sac g 



O I 2 3 4 4.1 (kb) 



k) 



EV HHVGBG VVHE 



0 1 2 3 4 5 5.5 (kb) 



( L) 



V Hp 

E P Xb G VG E 



~2 3 4 4.9 (kb) 



[ m ) 



Xb xh 
E Xb V C Hp Xb Hp C V C E 



0 I 2 3 4 5 5.8 (kb) 



0284416 




0284416 




0284416 



FIG. 4(l ) 




LED 



VECTOR DNA 
AVIPOXVIRUS FRAGMENT 
/3- GAL ACTOSIDASE GENE 
VACCINIA VIRUS 7.5K PROMOTER 



0284416 




0264416 



FIG. 5 



BamHI EcoRI BamHI 




0284416 




0 2 8 4 ^ 'i 6 




028441 G 




EUROPEAN SEARCH REPORT 



EP 88 30 2673 



DOCUMENTS CONSIDERED TO BE RELEVANT 



WO-A-8 600 528 (GENEX CORP.) 

* Page 6, lines 15-34; page 24, line 5 
- page 28, line 23; example XIX; claims 
26,37,38,51 * 

WO-A-8 605 806 (NATIONAL RESEARCH 
DEVELOPMENT CORP.) 

* Page 23, lines 6-28; example 4; 
claims 1,10 * 

J. GEN. VIROL., vol. 67, 1986, pages 
1591-1600, GB; D.B. BOYLE et al . : 
"Identification and cloning of the 
fowl pox virus thymidine kinase gene 
using vaccinia virus" 

* Page 1591, lines 49-55; page 1592, 
lines 1-8; page 1598, lines 5-8; page 
1599, lines 1-3 * 

ISRAEL J. VET. MED. , vol. 42, no. 2, 
1986, pages 124-127; M.M. BINNS et al . : 
"Prospects for a novel genetically 
engineered vaccine against infectious 
bronchiti s" 

* Page 126, column 2, lines 13-40; page 
127 * 

GENE, vol. 47, no. 2/3, 1986, pages 
193-199, Elsevier Science Publishers 
B.V. (Biomedical Division), Amsterdam, 
NL; D. PANICALI et al.: "Vaccinia virus 
vectors utilizing the 
beta-gal actosidase assay for rapid 
selection of recombinant viruses and 
measurement of gene expression" 

* Whole article * 



The present search report has been di 



C 12 N 15/00 



Date of completion of the 

14-06-1988 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the inventi 
E : earlier patent document, but published 01 

after the filing date 
D : document cited in the application 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Page 2 

Application Number 

EP 88 30 2673 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 



FR-A-2 571 060 (CENTRE NATIONAL DE LA 
RECHERCHE SCIENTIFIQUE) 

* Claims 1-10 * 

J. GEN. VIROL., vol. 67, no. 10, 1986, 
pages 2067-2082, SGM, GB; M. MACKETT et 
al.: "Vaccinia virus expression 
vectors" 

EP-A-0 227 414 (NATIONAL RESEARCH 
DEVELOPMENT CORP.) 

* Page 6 S lines 51,52 * 



The present search report has been dra»vn up for all cl 



CATEGORY OK CITED DOCUMENTS 



T : theory or principle underlying 
E : earlier patent document, but | 

after the filing date 
D : document cited In the applies 
L : document cited for other reas 



